INTRODUCTION {#cesec10}
============

The most frequent locations for fractures among elderly patients are the distal metaphysis of the radius, proximal metaphysis of the humerus, proximal metaphysis of the femur and the vertebral body. Fractures of the proximal extremity of the humerus, forearm and wrist represent around one third of all fractures among the elderly[@bib1], [@bib2]; stable fixation of these fractures is a major problem for orthopedists because of bone fragility among this age group[@bib3], [@bib2].

The proximal segment of the humerus presents thinned cortex, which implies great local bone fragility. Thus, difficulties in achieving adequate osteosynthesis may be encountered in relation to fixation of such fractures in patients with osteopenia resulting from osteoporosis that is primary or secondary to osteometabolic diseases or to disuse, such as in cases of pseudarthrosis[@bib4], [@bib5].

Some authors have suggested that these fractures should be reduced and fixed by means of minimally invasive techniques, such as tension bands in association with screws or wires[@bib6], intramedullary rods[@bib7], [@bib8], [@bib9], fixation with plates and screws, with or without using bone cement in association with them[@bib2], [@bib6], [@bib10], [@bib11], or, in extreme cases, primary arthroplastic replacement[@bib12]. There are also angled plates for the proximal segment of the humerus, for example the *PFS 80*^®^[@bib13], and fixed-angle plates with locked screws.

Over the last five to six years, the use of so-called locked plates has become more common. These plates were first developed with the aim of improving the results in cases of severe high-energy fractures close to joints. With the increasing difficulty in achieving and maintaining screw grip in synthesis performed in metaphyseal regions and/or in osteoporotic bone, these plates gained a large presence[@bib14], [@bib15].

At that time, the Shoulder and Elbow Group of the Department of Orthopedics and Traumatology, School of Medical Sciences, Santa Casa de São Paulo, "Pavilhão Fernandinho Simonsen", was unable to make fixed-angle plates with locked screws available for all patients. Therefore, starting in 1998, the group developed a bone fixation nut (*PFO*^®^; *porca de fixação óssea),* with a concave polyethylene surface that adapts to the opposite cortex of the bone, for use in association with 4.5 mm cortical screws. These have shown good results in mechanical tests on cadavers[@bib16].

The present study had the objective of evaluating the results from applying this nut, with follow-up throughout the bone consolidation process in cases of fractures, pseudarthrosis and corrective osteotomy due to defective consolidation of the proximal third of the humerus. These cases of patients with bone fragility were fixed using plates and cortical screws and the possible complications or bone reactions relating to the use of this nut were observed. This type of fixation could thus become a further option in the orthopedic arsenal.

SAMPLE AND METHODS {#cesec20}
==================

The inclusion criterion used in this study was the need to use the *PFO*^®^ ([Figure 1](#fig1){ref-type="fig"}). Thus, all cases in which the surgeon believed that the screw had not achieved adequate grip and chose to use one or more *PFO^®^* nuts to attain adequate screw fixation were included. In this manner, between May 1999 and October 2007, 23 patients were included. These individuals presented fractures, pseudarthrosis or defective consolidation and underwent bone fixation using the *PFS 80^®^* plate and 4.5 mm screws in the proximal region of the humerus.

The lesions that gave rise to indications for this operation were pseudarthrosis of the proximal segment of the humerus in eight cases (34.7%), defective consolidation with varus following fracturing of the proximal third of the humerus in four cases (17.3%) and fracturing of the proximal extremity of the humerus in eleven cases (48%), of which ten were fractured into two parts and one into three parts. The mean duration of postoperative follow-up was 40 months, with a range from eight to 96 months ([Table 1](#tbl1){ref-type="table"}).

Ten patients were female and 13 were male. The mean age was 69 years, with a range from 30 to 85 years. The lesion affected the dominant side in 15 cases ([Table 1](#tbl1){ref-type="table"}).

In all the cases, the surgical approach was by means of the deltopectoral route, and the bone was fixed using a *PFS 80°^®^* angled plate. The length of the blade ranged from 30 to 45 mm, according to the size of the humeral head and the number of holes in the plate (either four or five). In 19 cases, only one *PFO*^®^ nut was used, while in three cases, two nuts were used and in a single case, three nuts were used ([Table 1](#tbl1){ref-type="table"}).

To evaluate lesion consolidation, radiographs of the shoulder were produced in three views (corrected frontal, axillary and lateral scapular views) during the monthly outpatient follow-up examinations on the patients.

Functional evaluations on these patients, according to their clinical diagnoses, did not form part of this study: these were presented in previous papers[@bib13], [@bib17], [@bib18], [@bib19], [@bib20].

RESULTS {#cesec30}
=======

We observed that 22 patients (95%) evolved with consolidation achieved in four months on average, with a range from two to ten months. Bone consolidation was not achieved in the case of one patient (case 23). In 18 cases (78%), consolidation took place without reabsorption or breakage of the cortex ([Figure 2](#fig2){ref-type="fig"}).

Analysis on the postoperative shoulder radiographs showed reabsorption of the cortex around the *PFO^®^* in three patients (13%) ([Figure 3](#fig3){ref-type="fig"}). This reabsorption was identified during the second postoperative month in two patients (cases 3 and 11) and in the third month in one patient (case 23) ([Table 1](#tbl1){ref-type="table"}). In one of these cases (4%; case 23), reabsorption and loosening of the *PFO*^®^ occurred and, after reoperation, this patient evolved with deep infection that necessitated removal of the synthesis material. In the other two (8%), there was no failure to consolidate, despite the reabsorption of the medial bone cortex.

In two cases (8%), breakage of the medial cortex occurred during the operation when the screw was tightened. In one of these cases, the nut was kept in place (case 19), while in the other, it was decided to exchange the plate for a longer one (case 22) ([Figure 4](#fig4){ref-type="fig"}).

DISCUSSION {#cesec40}
==========

Because of increased longevity among the population and therefore greater numbers of risk factors for fractures in bones that present fragility, there are technical difficulties in carrying out osteosynthesis, which frequently lead to failure[@bib3], [@bib21], [@bib22]. Loosening of the diaphyseal screws, and consequently the plate, is a complication cited in some studies[@bib2], [@bib13] and this may even occur with the use of locked plates because of technical error[@bib22] or with non-locked plates because of bone fragility[@bib13]. These factors, added to lack of availability of locked plates for all patients for whom they would be indicated, led us to seek an alternative that would improve the fixation of cortical screws. The result was the development of the *PFO^®^* nut ([Figure 1](#fig1){ref-type="fig"}), which was an improvement of the nut developed by the AO group that had been abandoned because of the many complications that it caused[@bib23].

The patients\' mean age was 69 years, with a range from 30 to 90 years. As expected, the great majority of the patients requiring use of the *PFO*^®^ nut were elderly, i.e. over 65 years of age. Such individuals presented osteopenia more markedly[@bib3], [@bib21].

Fixation of fractures in porotic bones will always be a challenge for orthopedists, and the emergence of locked plates was envisaged as the solution for this problem, both proximally and distally to the fracture. However, recent studies have shown complications such as breakage of locked screws distal to the fracture[@bib22], [@bib24]. This complication did not occur in our study.

It is known that in order to achieve stability of the humerus, six fixation points for cortical screws are needed. In the presence of osteoporosis, it is often necessary to increase the number of these points. The fixation on each side of the fracture needs to be equally resistant[@bib6]. The plate used in our service (the *PFS 80°^®^*) is an angled plate for which proximal fixation is accomplished by means of tying off three non-absorbable stitches using no. 5 polyester thread, including bone and the tendon of the rotator cuff muscles. Failure of this system is very rare[@bib25].

The decision to use the *PFO*^®^ nut is made by the surgeon and depends on the quality of the screw fixation during the operation. The aim is always to achieve six points of cortical fixation[@bib6] and, for this reason, the number of nuts varies from one patient to another, according to necessities.

For four of our patients, more than one nut had to be used. These were patients with pseudarthrosis associated with severe osteopenia. In three of them (cases 14, 15 and 19), two nuts were used and in the remaining patient (case 16) three nuts were used ([Table 1](#tbl1){ref-type="table"}).

In three patients, reabsorption of the medial cortex around the *PFO*^®^ nut was observed, but this evolved to loosening of the nut only in case 23. In the other two (cases 3 and 11), reabsorption did not affect the consolidation ([Figure 2](#fig2){ref-type="fig"}). Reabsorption of the medial cortex occurred in these patients because of the pressure exerted by the nut on the bone, although we believe that in the case of patient 23, it was indicative of loosening of the fixation material ([Table 1](#tbl1){ref-type="table"}).

We observed complications from using the nut in two patients (cases 19 and 22), consisting of fractures of the medial cortex of the humeral diaphysis while tightening the nut against the bone during the operation. In the case of patient 22, since great comminution of the medial cortex occurred, it was decided to change the *PFS*^®^ plate during the operation, for another of greater length. Since all the screws then gripped, there was no need to use *PFO^®^* nuts. Despite this complication, both of these cases evolved to consolidation ([Figure 3](#fig3){ref-type="fig"}).

Technically, the nut was simply placed on the cortex opposite the plate, without great bone devitalization, with the aid of an appropriate clamp ([Figure 1](#fig1){ref-type="fig"}). It could be seen that lesion consolidation occurred in all cases in which nuts were used, except for the case that evolved with infection (case 23). In this case, it was decided to change the synthesis material, and several surgical cleansing procedures were performed until the infectious process had been cured.

Moonot *et al*[@bib22] had three cases (14.3%) of loosening of the synthesis material when they used a locked plate (*Philos^®^*) to treat three and four-part fractures of the proximal humerus. We had two cases (2.7%), with two-part fractures of the surgical neck of the humerus that had been fixed using *PFS 80^®^* plates[@bib13]. These were the cases that initially led us to seek an economically viable alternative for our service that would be easy to apply and biomechanically effective. *PFO^®^* nuts can be used with any 4.5 mm screw, without the need for previous planning, and they do not place an excessive burden on the healthcare service. We demonstrated that good fixation was achieved, with consolidation, in 22 cases (96%) that presented bone fragility.

CONCLUSION {#cesec50}
==========

We conclude that applying the *PFO*^®^ nut may be a practical and effective solution for diaphyseal fixation of the *PFS 80^®^* plate in cases of bone fragility in the proximal segment of the humerus, thereby increasing the stability of the implant. Although we found a complication rate of 13%, these did not compromise the final result.

Work performed in the Department of Orthopedics and Traumatology, School of Medical Sciences, Santa Casa de São Paulo, "Pavilhão Fernandinho Simonsen". Director: Professor Dr Osmar Avanzi.

![*PFO^®^* nut: (a) top view showing the central body made of metal, in a polyethylene mold; (b) side view showing the concave shape of the polyethylene (arrow): groove for fitting the clamp; (c) detail of the tip of the clamp, showing firmness and precision in positioning the nut on the bone cortex](gr1){#fig1}

![Frontal radiographs of the right shoulder (a) showing consolidated two-part fracture of the surgical neck at the proximal extremity of the humerus (case 2), without reabsorption of the nut (arrow), six months after the operation with fixation using a *PFO^®^* plate and a *PFO^®^* nut; (b) detail of the humeral diaphysis, showing absence of reabsorption of the medial cortex (arrow)](gr2){#fig2}

![Frontal radiographs of the left humeral diaphysis (case 11), showing: (a) reabsorption of the medial cortex (arrow), 18 weeks after the operation; (b) cortical bone restructuring around the *PFO^®^* (arrow), 33 months after the operation](gr3){#fig3}

![Frontal radiographs of the left shoulder showing (a) case 22, three months after the operation, with fixation using a long *PFS^®^* plate without a *PFO^®^* nut and two metal bands because of fracturing of the medial cortex of the diaphysis caused by excessive torque during the procedure (arrow); (b) case 19, 62 months after the operation, with consolidation of the fracturing of the medial cortex around the *PFO^®^* nut (arrow)](gr4){#fig4}

###### 

Clinical data on the patients

       Initials   Sex   Age (years)   Dominance   Etiology         No. of nuts   Follow-up (months)   Consolidation (months)   Reabsorption   Complications
  ---- ---------- ----- ------------- ----------- ---------------- ------------- -------------------- ------------------------ -------------- -----------------------------------
  1    L.E.M.     M     44            Y           fracture 2p      1             15                   5                                       
  2    Y.I.N.     F     70            Y           fracture 2p      1             29                   2                                       
  3    J.C.S.     F     79                        fracture 2p      1             12                   3                        \+             
  4    A.M.G.     F     83                        fracture 2p      1             96                   2                                       
  5    M.I.C.     F     84            Y           fracture 2p      1             95                   2                                       
  6    A.T.       M     67            Y           pseudarthrosis   1             30                   10                                      
  7    J.S.D.     M     62            Y           fracture 3p      1             19                   3                                       
  8    N.A.B.     M     45            Y           def cons         1             84                   5                                       
  9    J.S.S.     M     66                        def cons         1             21                   4                                       
  10   R.O.N.     M     75            Y           def cons         1             91                   2                                       
  11   W.A.       M     74                        pseudarthrosis   1             33                   3                        \+             
  12   L.C.M.S    M     65            Y           def cons         1             12                   4                                       
  13   R.D.N.     M     85            Y           pseudarthrosis   1             72                   4                                       
  14   R.S.       M     30                        pseudarthrosis   2             44                   3                                       
  15   C.H.Q.     M     61            Y           pseudarthrosis   2             12                   5                                       
  16   M.R.A.     F     80            Y           pseudarthrosis   3             50                   3                                       
  17   P.A.A.     M     78                        pseudarthrosis   1             14                   2                                       
  18   A.J.D.N.   F     85            Y           fracture 2p      1             32                   4                                       
  19   M.C.       F     82                        pseudarthrosis   2             62                   5                                       breakage of cortex during surgery
  20   D.M.R.F    F     53            Y           fracture 2p      1             45                   7                                       
  21   M.L.P.N    F     64            Y           fracture 2p      1             40                   2                                       
  22   B.V.       M     83            Y           fracture 2p      1             24                   10                                      breakage of cortex during surgery
  23   R.F.B.S    F     78                        fracture 2p      1             8                    did not occur            \+             loosening and infection

Legend: M = male, F = female, Y = yes, N = no, 2p = 2 parts, 3p = 3 parts, def cons = defective consolidation.

Source: Orthopedics medical files, Hospital Santa Casa de São Paulo
